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ABSTRACT 



A programmable writing system for an optical disk drive 
which is 8dj^>table for pulse position modulation (PPM) and 
pulse width modulation (PWM) pulse generation. The writ- 
ing circuit is responsive to a FPM/FWM mode command for 
generating programmed laser pulse signals. Specifically, a 
pattern detector is responsive to the FPM/FWM mode 
command for ctetecting input data. Hie detected data is 
provided to a pulse selector for selecting progranuned pulse 
power and/or duration values, which operate a pulse gen- 
erator to set [Nilse power levels and/o: to set the duration of 
the generated laser pulse signals. In PWM mode, the pattern 
detector provides a toggle signal with each detected signal 
and the pulse selector responds to the toggle signal to 
alternate between providing mark pulse power and/or dura- 
tion values and {soviding space duration values to thereby 
provide alternating mark and space signals. 

9 Claims, 7 Drawing Sheets 
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PROGRAMMABLE PPM/PWM WRITING 
SYSTEM FOR OPTICAL DISK 

Tbe ai^lication is a continuation of iq^pUcation Sa. No. 
08/791.149, filed Jan. 28, 1997 now abandoned. 

DOCUMENTS INCORPORATED BY 
REFERENCE 

Commonly assigned U.S. Pat No. 5,400313 is incorpo- 
rated for its showing of an optical data sttxagc system which 
stores data using different las^ power levels or durations. 

Commonly assigned U.S. PaL No. 5,561,656 is incoq)0- 
rated fa its showing of an optical data storage system which 
stores data marks using different laser power levels and 
durations, and data spaces using prdieat laser power pulse 
levels and different durations. 

TECHNICAL FIELD 

This invention relates to optical data storage and mofe 
paiticulatly to a writing system for writing optical storage 
pulse position modulation and/OT pulse width modulation 
data. 

BACKGROUND OF THE INVENTION 

Optical disk drives provide for the storage of large quan- 
tities of data on opdcai disks. The data is stared by focusing 
a laser beam onto a spot of the data layer of the <tisk to heat 
the layer. Tbe data is read by focusing a laser beam onto the 
data layer of the disk and tiien detecting the reflected light 
beam- 
In magneto-optical recording, the laser heats the spot 
above its Cuiie tenq)eraturt wtdlc the magnetic domain cf 
the spot is (Hiented in dlheraniq) co* a down direction by an 
external magnetic field. Tbe data is read by directing a low 
power laser spot to the data layer. The differences in mag- 
netization direction of the spots cause the plane of p6\ax- 
ization of the reflected tight beam to be rotated either 
dockwise or counterclockwise. This change in orientation 
cf polarization of the reflected liglit is then detected. 

In phase-change recording, the laser heats the spot to 
cause a structural change of the data layer, typically firom a 
crystalline phase to an amoiphous phase. The data is 
detected as changes in reflectivity between the two phases. 

Pulse position modulation (FFM) and pulse widtii modu- 
lation (PWM) are two primary ways to record data on optical 
storage media. FFM records data as the distance between the 
centers of the maiks on the mf^ium. PWM records inf(v- 
mation as tbe distance between the transitions of tike marks. 
A transition is either the beginning (leading) or ending 
(trailing) edge of a mark. In PWM, the characters alternate 
between the pulse leng^ and the space length. Thus, PFM 
pulses are all substantially identical and contain the infor- 
mation by means of the lengdi of the spaces between tbe 
pulses only, and PWM pulses contain die infonnation by 
means of the pulse length and the length of the spaces 
between the pulses. 

The predominant recording technique today is PPM 
because of its sin^plidty and ease of use. PWM is prefetred 
far high capacity recording because of its capability for 
storing more information in the same amount of space on the 
medium. In other words, the effective data storage density 
can be greatiy increased by using PWM recording. 

However, PWM recording is noore difQcult to inclement 
because the transition edges must be {secisdy positioned 
and written with sharp boundaries to ensure accurate recced- 
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ing. In PWM, a mark can be an individual spot (also called 
a sufamark) or a series of overlapping or contiguous sub- 
marks. The thermal buildup that occurs within the data layer 
during the laser writing process can cause great distortions 

5 in the precise placement of tite trailing edges. Thermal 
buildup occurs when there is insufficient time between the 
writing of successive submarks in a mark to allow the data 
layer to cool prior to the writing of the trailing edge submark 
or the writing of the next mark. In addition to the problem 

10 of thermal buildup is that the gap may be so long that diere 
is oioessive cooling of the data layer so diat the data layer 
does not reach tite required temperature at the precise tinie 
to write the submaik forming the leading edge of the next 
mark. The effect of thennal buildup and excessive coaling 

IS causes errors in the placement of tite leading edges of the 
next mark. In addition, each type of optical media has its 
own thermal characteristics so the problems of thermal 
buildup and cooling will vary d^»ending on the type of 
media being used. 

20 The U.S. Pat No. S,4(X)3 13 pat^t addresses the issue of 
thermal buildiq) with PWM by recording filler marks 
between leading or trailing edge marks at selectively 
reduced power levels based on the amount of ovcri^ 
between the sulnnarics. The reduced power level continues 

^ thePWM marks, but with a more even thermal characteristic 
and without excessive thermal buHdi^. Alternatively, the 
duty cyde of tiie submaiks may be varied to vary the size of 
the spots and reduce the tiiermal buildiq>. 
Tbe U.S. Pat No. 5,561,656 patent addresses die issue of 

^ excessive cooling in the gaps by prdkeating the data layer by 
a soies of pulses at apower level bdow that wtacb would 
write a submark on the disk. Both the numba and duty cyde 
of the preheat pulses in the gap is varied dq)ending not only 
on tiie length of flie g^ run length but also die length of the 
preceding mark run length. In addition, the duty cyde of the 
various edge and filler subnoarks may be varied. 

Tbe need for precise control over optical pulse edges 
and/or power has k>ng been recognized by diose skilled in 

^ tiic art U.S. Pat No. 5,526333 shows ah^i apeeddociin 
a phase-locked loop for oontrdling the duration of the 
writing laser pulse derived from EFM signals. U.S.PatNo. 
5,490,126 c(Hitrols die laser pulse widths using analog delay 
lines. U.S. Pat No. 5327,414 shows a ROM for providing 
the signal to ccxitrol the pulse lengtit VS. Pat No. 5327, 
411 shows a pulse ft^iing circuit contr(^g the pulse 
loigdis. VS. Pat No. 5,130,970 shows adjusting tite ampli- 
tude and duty cyde of standard pulses. 
Aproblem is titt desire to use various oksdia and various 

50 types of recording (PPM, PWM, etc) in tite same drive. M 
the various media and various types of recording require 
different pulse modulation cfaaracCeristics. Hie prior ait 
would require sq>arate sets of circiutry for each media and 
for each type oi recording. 

" SUMMARY OF THE INVENTION 

Disdosed is aprogrammable writing system for an optical 
disk drive whidi can be adapted for various types of media 
or for various types of recording, primarily pulse position 

60 nuxlulation (FFM) and pulse width nK>dulation (PWM) 
pulse generation. The writing circuit is responsive to a 
VPM/PWM mo&t command for generating programmed 
laser pulse signals. SpedficaUy, a pattern detector is respon- 
sive to die PPM/PWM mode command for detecting input 

65 data. The detected data is provided to a pulse selector for 
selecting programmed pulse power and/or duration values, 
which operate a pulse generator to set pulse power levels 
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and/or to set the duratioD of the generated laser pulse signals. 194 into orthogonal polarization components. A first polar- 

In FWM mode, the pattern detector provides a toggle signal ization component beam 204 is focussed by a lens 206 to a 

with each detected data signal and the pulse selector data detector 208. A second polarization component 210 is 

responds to the toggle signal to alternate between {ffoviding focussed by a lens 212 to a data optical deteacs* 214. A data 
mark pulse power and/or duration values and {Hoviding s circuit 216 is connected to detectors 208 and 214, and 

space duradon values to (hereby iH-ovide altematiDg mark generates a data signal representative of the pattern of 

and space signals. transitiotts recorded on disk 110. Data circuit 216 is con- 

For a fuller understanding of the present invention, ref- nected to a decoder 218 which converts the modulated signal 

erence should be made to the following detailed description to a digital data signal 

taken in conjunction with the accon^Huiying drawings. Servo beam 196 is focussed by a lens 220 onto a seg- 

™ mented optical detector 222, such as a typical spot size 

BRIEF DESCRIFnON OFTHE DRAWINGS measurinidetectcr. A focus error circuit 224^^ comlcaedto 

FIG. 1 is a schematic diagram of an optical data storage detector 222. A focus servo 228 is of a conventional type and 

system; is connected to focus enor signal (FES) circuit 224 and 

FIG. 2 is a diagram of a set of recording patterns; Servo 228 ccmtrols im<or 176 to adjust the 

HG. 3 is a diagram of a set of recording patterns; positica of lens 172 as ^jja^^iriatc in oito to maintain 

TTwr- A' * * -** proper focus. A tracking error signal dicdt 230 is coonectcd 

|;^3^^^^^^^^232,asisknowaiD 

nOS. 5A and SB arc diagrams of lasff beam pulse the art, is connected to tracking emx signal (TES) circuit 
sequences for marknmlengtiis and gap run lengths, rej^xsc- 20 230 and nK)tor 122. Servo 232 causes motor 122 to adjust the 

'^^» position of head 120 as i9)Fcopriate. 

na 6 is a block diagram of a writing system in accor- ^ disk drive controller 240, as is known in the art, is 

dance witti the present invention; connected to and provides overall control f<» servo 228 and 

FIG. 7 is a schematic diagram of a pattern detector of tiie 232, spindk motor 116, magnet driver 132, andaoHiven- 
wiiting system of FIG. 6; 25 ^^j^ variable frequency clock 242. Controller 240 adjusts 

FIG. 8 is a schematic diagram of a power/duration selec- the docking speed of the clock 242 as qipropriate depend- 

tOT of the writing system of FIG. 6; ing i^n the position of the head 120. 

FIG. 9 is a schematic diagram of a power/duration logic Qock 242 is connected to writing system 250 in accor- 

of the writing system of FIG. 6; and dance with the present invention. Voting system 250 is 

FIG. 10 is a schematic diagram of aprogrammable pattern ^ connectedloalascrdriver 254 to cause the laser 150 to write 

generator of the writing system of FIG. 6. desired patterns. 

^^.x*^ w^™^»«r,^^^T ^« The desfred patterns with pulse position modulation 

Refeuing to FIG. 1, an exemplary optical data storage Pulse width modulation (FWM) recording uses the dis- 

system 100 is illustrated, having a writable optical disk 110, tance between transitions of recorded runs to encode the 

widdn may be any suitable type, inchiding phase change or data. 

magn^o-opticaL Hie disk 110 may be re3DK)vd)le and is Utere are many different encoding schemes known in the 
niounted fcv rotation by spuidle motor 116. An optical head ^ art v^ticfa may be used to encode the data in eatiier FFM or 

120 is positioned adjacent to the disk 110. Head 120 is FWM* The most popular type of encoding schemes use run 

moved in a radial direction relative to disk HO by a linear l^igth limited (RIX) codes. These RLL codes use a ^mitmA 

motor 122. In the event a oAgneto-optical disk UO is set of run lengths, ^«^iicfa when used in diffoent combina- 

en9>loyed, a bias magnet 130 is en^loyed on the opposite tions encode any pattern of digital ^t^tfa A run length is 

side of the disk from tike head 120 and is ocHmected to a bias defined as Ihe distance between marks in PFM and in FWM 

magnet driver 132. as tiie distance between the leading edge of a mark and the 

A laser diode 150 produces a polarized light beam 15Z trailing edge and tiie distance between a trailing edge of a 

Any conventional optical disk laser may be used, and is mark and the leading edge of the next mark, 

typically a galHum-aluimnum^arsentde laser diode whidi pi i codes are defined in units of Hmp T. In disk drive 

generates a tight beam 152 at qspraximately 780 nm in systems, this tone period T corresponds to an ammmt of 

wavelengtii. Light beam 152 is coUimated by a lens 154 and linear distance die disk rotates in the time poiodT. The RIX 

circularized by a ctrcularizcr 156. Orcularizcr 156 is typi- codes arc designated in (he fonn (d^l, k-1), where d is ttie 

cally a prisnt mfnimtmi run length (in time periods T) and k is die 

Beam 152 passes through a beamsplitter 158 to a miiror m«timum run length (in time periods T). For example, a 
170. Mirror 170 reflects die light toward a focussing I^ 53 (2,7) code has a mimmnmnmlengUi of 3T. There are three 

172, whidi focusses beam 152 onto tiie disk 110. Lens 172 time periods between the first mark (FFM) or edge (FWM) 

is mounted in a lens bolder 174, which may be moved and die next mark (FFM) or edge (FWM). The mgrimum 

relative to disk 110 by a focussing actuates motor 176. run lengtii for a (2,7) code is 8T. 

Mirror 170, lens 172, bolder 174 and motor 176 are pref- The distance between marks or edges of the run lengths is 
crably located in die optical bead 120. ^ determined by tixe formula D=(V*T*t>+W. whoc L is die 

A light beam is reflected from the disk 110, passes through distance between the marks or edges, V is the media 

lens 172 and is reflected by mirror 170. A portion of light velocity, T is the number of channel code bit clock periods, 

beam 180 is then reflected by beamsplitter 158 to a beamr t is the time of a channel code bit clock period and W is die 

splitter 190. Beamsplitter lj>0 divides die beam 180 into a diameter of die standard size circular written mark made by 
data beam 15k4 and a servo beam 196. 65 the laser on die media. 

Data beam ISM passes through a half wavq)late 200 to a As described in die incorporated *313 patent, die FWM 

polarizing beamsplitter 20Z Beamsplitter 202 divides beam mark runs are recorded on the disk as a single isolated mark 
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or as a series of contiguous or overl^jping circular madcs. 
The first siaik in arun is referred to as a leading edge mark 
and the last mark in a nm is referred to as a trailing edge 
mark. If a run consists of only the leading and trailing marks^ 
and the two marks oved^g) by one half of the marie diamrtrr 
or more, one of the marks is written with a laser beam at a 
reduced power level If a run consists of three more 
marks, then (he space between the leading and trailing edge 
marks is filled with one or nK>re fiUo* marks. If one of tiie 
filler marks overlaps one of the other marks by one half oi 
the maxk. diameter or more, one of the two overlapping 
marks is written with a laser beam at a reduced power level 
Alternatively, the overiai^g filler mark in a run of three or 
mxt marks, may be rq>Iaced with a smaller diameter filler 
mark which is contiguous with but does not oved^ the 
surrounding marks. This smaller djamcter filler mstk, is 
written at a greatly reduced laser power level and has its 
center point shifted slightly away firom the preceding mark 
The reduced laser power levels results in a great reduction 
in the thermal buildup in the mftrftiiTn- 

FIG. 2 illustrates an example of a pulse width modulation 
**mark^ recording pattern whid) implements a (2,10) RLL 
code. The code ccmsists of a sa of run lengths of 3T to UT. 
All of these run length marks are fcHix^d by either an 
isolated nuirk of connecting marks which are contiguous or 
avedapgohg circular marks. As used herein, contiguous 
refers to marks wtddi touch but do not overi^. The marks 
are made by a highly pulsed laser beam at one of two power 
levels, A or C, where A>C. The bracketing lines r^esent 
the orientation of the data tracks. 

Hie fnintmnni nin length of 3T is conqirised of a single 
isolated or non-connecting circular mark formed by a hi^y 
pulsed laser beam at power level A. The 4T run is conqsised 
of a first drcular maikfcHmed at power level Aand a second 
circular mark formed at power level C wliicfa overly the 
first matk by two thirds of a circular mark diamffter The 5T 
run is coo^idsed of a first circular mark at power level A and 
a second circular mark at power level A which oveiU^ the 
first mark by one third of a marie diameter. The CT run is 
comprised of two contiguous marks formed at power levd 
A. The 7T nm is con^xised of a first mark at power level A, 
a second notark formed at power level C which overly the 
first mark by two tiiirds of a marie diameter, and a Hiird mask 
f<nmed at power level Awhich is contiguous with the second 
mark. Hie ST run is conqnised of a first marie at power levd 
At a second mark at power level A which overlaps the first 
mark by one third of a mark diameter, and a third mark at 
power level A which is contiguous with the second mark. 
The 91 run is comprised of three contiguous nuoks f oaned 
at power level A. The ICT run is comprised of a first mark 
at power level A, a second contiguous mark formed at power 
level A, a third mark formed at power level C which oveciaps 
the second mark by two tiurds of a beam diameter, and a 
fourth mark farmed at power levd A which is contiguous 
with the third mark. The UT nm is fonned of a first mark 
at power level A, a second mark at fonned at power levd A 
contiguous with the first mark, a third mark formed at power 
level A ^ch overly the second mark by one third of a 
mark diameter, and a fourth mark formed at power levd A 
which is contigucHis with the third mark. S can be seen that 
the entire set of run lengths is based on combining the 3T, 
4T, ai»l 5T run lengths. The ST, TV, etc., run lengths are 
made t>y adding togedter contiguous 3T marks. The 71, lOT, 
etc, runs are made by combining the 4T run with a number 
of 3T marks. The 8T, UT, etc, runs are made by oonibining 
the 5T mark with number of 3T marks. 

Id the preferred arrangement, a (2,7) RIX code is used. In 
this case only file 3T-OT run lengths are needed. However, 
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it can be seen that the arrangement can be used with any 
number of (2 RLL codes. 

This recording pattern reduces the thermal buildiq> in the 
medium to a minimiTm and it insures that the leading and 

5 trailing edges of the nm will be accurately positioned. The 
pattern uses the absolute Tnininiiim number of circular marks 
to write the desired run lengths. Whm the marks must 
overlap by one half a diameter or more, the second maifc is 
written at a reduced power level Where there arc three or 

10 more marks, and an overii^ must occur, the overifq;) does not 
occur on the trailing edge circular mark. This he^s insure 
that the trailing edge, vAddb. is most susceptible to the 
thermal heat bdMup, will be accuratdy positioned. 

FIG. 3 is a diagram of an alternative reccnding pattern 
which in^lemcnts a RLL code and uses three different 
power levels A, C and D, to recced the marks rather than the 
two power levds of FIG. 2. Power levd A is greater than 
power levd D which is greater than power levd C. Where 
marks overly by more than one half of a diameter, power 

^ level C is used on the second mark. Where the marks overlap 
by less than one half of a diameter, power level D is used on 
the second mark. 

FK}. 4 is a diagram of the recording pattern wfaidi 
implements a RLL code and now four power levds are used 
A, B, C, and D, where the power levd A is greater than fiie 
power levd B, which is greater than the power levd D, 
which is greater than the power level C In this pattern the 
marimiim powcr Icvcl A is rcservcd for the single isolated 

30 3T marie. 

F¥M recording <vte gq> run lengths of PWM recording 
comprise the spaces or gaps between successive marks or 
mark run lengths. The opposite of thermal buildup of heat in 
the marks, is the cooling of the medium between marks in 

33 the PPM or PWM gaps. 

As described in the incorporated *656 patent, during the 
intervemng gap& between nuttks, the medium is preheated 
by a pulse or series of pulses at a power level bdow that 
which would write a submark on the disk. Both the number 

40 and duty cyde of these preheat pulses is varied dq>ending on 
the length of the g^ run Imgtfa to insure that file initial mark 
at the end of the gap is substantially the same size, regardless 
of the lengfii of the preceding gap run length. This is 
especially impcstant for PWM to ensure proper placement of 

45 the mark leading edges. When even finer control of the 
preheating is required, pattent-dependcnt gap preheat puls- 
ing can be performed, wherein the number and duty cycle of 
the preheat pulses in the gap is varied d^nding not only on 
die lengfii of fiie gap run length, but also the length of fiie 

50 preceding mark run length. 

FIGS. 5A-n5B show a diagram of the recc^ding pattern 
(laser irradiation fxofile) that implements a (1,7) RLL code 
and that uses preheat pulses between writing pulses and 
during the gap run-lengths. This profile is intended for use 

55 in standard M-0 recording systems but is extendable with 
nfinor modifications to other optical recording systems such 
as fiiose fiiat use WORM, DOW M-O and MSR media. The 
code is a set of mark run-lengfiis (FIG. 5A) and gap 
run-lengths (FIG. 5B) of ZT to ST. The laser can be pulsed 

60 to any offour discrete power levds above the ttireshold levd 
(these power levds are designated as A, B, C, or Pin FIGS. 
5A-^), where A« is greater than B, is greater than C is 
greater than P. During the periods of writing when the laser 
is not at the A, B, C, or P power level, it is <^)erating at 

65 **tracking^ powa levd which is as low as possible. Laser 
pulses at power levd A, B, and C axe of sufSdent intensity 
to produce substantially circular niarks in the c^cal disk 
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during laser iiradiation and as sud) are refeired to as writing 
pulses. Laser pulses at power level P arc not of sufSdent 
intensity to produce marks in the optical disk and as such are 
refen-ed to as |H-^eat pulses since they s/ervc only to locally 
beat the disk. In cf^cal disk drives, the time duration of the 
writing pulse Is as sboct as possible and typically around 
10-20 ns. Jt is usually selected to be between jqpiHDximately 
50% of T at ^e disk inner-most track and 60% of T at the 
disk outer most track. Both the oumba and duty cycle of the 
preheat pulses is variable. The duty cyde spans the range 
between 0% and 100% of T. As an exan^le, the P pulse 
width is sdectable among discrete values of 0%, 50%, and 
100% of T to sinopliiy the drcuitty needed to modulate the 
laser. Tliese discrete values of P pulse width provide suffi- 
dent flexibility in preheat to ensure adequate edge place- 
ment regardless of the particular run length. 

As shown Id FIG. SAfor the case of a (IJ) RLL code, 
mark run-loigdis are fcnned by dtfaer an isolated A laser 
pulse in the case of a 2T mark run-length cr the combination 
cf an A laser pulse with At B, C« and/cr P pulses in the case 
of longer mark run lengths. The laser power level A is 
adjusted so that the 2T mark is the ooarect length. As is 
known in conventional disk drives, this is done during the 
drive's laser power caEfaration routine by writing a pted&- 
tennioed data patten and then measuring the read-back 
signal amplitude by one of several known tedmiques. The 
calibration is typically perfonned at disk drive start-up 
and/or at periodic intervals during drive opoatioa 

Marie run-lengths>2T require at least two laser pulses: an 
Alaser|Hiise to form the leaxling edge submaik and either a 
Cpulse (in the case of mark iun4eagdis greater than 4T) to 
foim the trailing edge submaric The power levd C is 
adjusted so that the 3T mark is the coaect length. This C 
poise is required because thermal preheating of the optical 
disk by the preceding A pulse would otherwise cause the 
trailing edge subsnaik of the 3T mark nin-lengdi to be 
positicmed beyond its desired precise location on the disk. 
The pulses used to write leading and trailing edge submaiks 
dtt called **edge** writing jHilses. Each of the edge writing 
pulses forms a substantial^ circular submark of loigth 2L 
on the optical disk. Whenever ^e mark run-lengdi is greater 
dian 4T (ic, iho length of two contiguous submaiks focnted 
by successive leading and trailing edge writing pulses), 
additioiuil write pulses are required. These additional pulses 
are caUed *1511er" writing pulses as described in the *313 
patent 

The preheat pulses shown in FKjS. 5A-5B serve two 
purposes. Hrst, when writing mark nm-lengths (FIO. 5A) 
they increase the ambient temperature <^ the optical disk, 
wtdcb reduces power required in the A, B, and C writing 
pulses. This is acconqdished by ikying pcdieat pulses on 
all write docks wUdi do not have a writing pulse, ie. during 
aU clocks of a g^ run-lengdi and during docks of a mark 
run-kngth wtudi do not have an A, B, or C writing pulse. 
The laser power is ^Med only on dodcs where no writing 
pulse occurs and then as discrete preheat pulses <^ togth 
0.5T at the P power levd, wtddi is set atthe minimamlevd 
required to provide adequate preheating, i.&, approximately 
2 mw. 

The second purpose served by the fsdieat pulses is that 
during the gap run-lengdi (FIG. SB) they control die ambient 
tenqierature of the optical disk during the subsequoit lead- 
ing edge writing pulse of a mark run-length. This control is 
required to conqiensate for the effect of preheating of the 
optical disk by the immediatdy preceding trailing edge 
writing pulse. This is accon^lished by varying the amount 
of preheat (duty cyde of the preheat pulses) appUtd in each 
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gap run-length as shown in FIG. 5B. First, preheat pulses are 
omitted during the last write dodc in all mark run-lengths 
(see dashed '"pulses" representing omitted preheat pulses in 
FIG. 5A). This allows the optical disk to rapdly cool after 

5 the trailing edge writing pulse. Second, as shown in FIG. SB, 
preheat pulses are dther omitted (0% duty cyde) as in the 
case of 2T and 3T gap run-lengths or extended (100% duty 
cyde) as in the case of 7T and 8T gap nm-lengdis. This 
ability to vary the duty cycle of the preheat pulses allows 

10 taiic^g of the preheating to each gdp run-length to ensure 
that the subsequent leading edge writing pulse f<Hms the 
leading edge suhmaik at ti^ proper predse position on die 
optical disk. The specific preheat pulse patterns shown in 
HGS. SA-^ represent patterns that are appropriate for 

13 most current M-O media. The exact number and i^acement 
of added or deleted preheat pulses is adjusted for a particular 
media to ensure accurate mark and gap rua-lcngths. 

As discussed above, the complexities of writing FWM 
wavefomds combined with evolving media diaracteristics 

20 and the need to allow recording of data using FFM signals 
require a flexible writing system to write consistent and 
rcpeatable data on optical media. Hie writing system illus- 
trated in FIG. 6 oon^ses a writing system that provides the 
<^cal laser a power pulse of fnogrammable power levd 

25 and of programmable duration. 

The writing system of HO. 6 comprises pattern detection 
logic 310 to detect input data 312 for write code pattenis and 
iK^edier die PWM indicator 314 is set The pattern detection 
data is used by pulse power/duration sdector 316 to select 

^ the write codes from prograzmoable power registers 320, 
progcammabie mark duration registers 322 and program- 
mable space duration registers 324. The selected patterns are 
enq>loyed in powec^duration logic 330 to shift detected pulse 
power and pulse duration data to set the laser power levd 
and turn on and off the pulse generator 336 to be delivered 
to the laser driver circuits 254 in PIG. 1. 

Pattern generator 340 provides programmed patterns 342 
for write power calibration and testing. Control logic 3S0 
oon^flises a state madiine to tnteiprct system commands 

^ 35i 

Controller 240 in FIG. 1 or the host prooesscH- programs 
the patterns, laser power and mark and space durations in 
registers 342, 320, 322 and 324, respectively, and indicates 
on line 314 wiiethcr the recording is to be FWM or FFM. 
The state of tiie writing system is set by control logic 350 in 
response to a command on line 352. 

Referring to FIGS. 6 and?, onoecommanded to write data 
on line 352, pattern detecti<»i logic 310 recdves the data on 

5Q line 312 in FIG. 6. The data as shown in FIG. 7 is received 
as a paralld or serial bit stream on line 312A or 312B, 
respectivdy, representing, for exan:^le, a (1,7) or (2 J) code 
and shifts it through a shift register 360. Shift registo^ 360 
is of apjpsopaatc size to contain die largest legal code to be 

33 written, e. g., 9 bits. In a K-1 RLL code, shift register 360 
must be of sufi&dent size to contain K ''zeros'* and a *'one*' 
at eadi end, here 7 "zeros** and2 "ones\ Register 360 may 
be loaded serially from either a ccsivoitional optical for- 
matter on line 312 or from pattern generator 340 on line 362. 

^ Shift register 360 may also be paralld loaded at multi- 
piexer 366 to program special signals sudi as VFO and Flag, 
as are known to those of cntinary skill in die art 

Upon abinaiy "r reaching die end of the register 360 (bit 
positi(m 0), the pattern is detected and a load pulse (patsd) 

65 is generated on line 364. 

FIG. 8 illustrates an embodiment of pulse powei/duration 
selector 316 of FIG. 6. The output ctf register 360 of FIG. 7 
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is provided to pattem comparators 370 of FIG. 8 whidi 
selects the con]|>aratQr cosresponding to the provided pat- 
tern. Gates 372 select the coirespondiog mark duration 
pattern stored in the coiresponding one of mark duration 
registers 322, gates 373 select the coaespooding space 
duration pattern stored in the corresponding one of space 
duration registers 324, and gates 374 select the contspond- 
ing mark power pattern stored in the corresponding one of 
mark power registers 320. The space power level may be 0 
as per the *313 patent, or may be set to the preheat power 
level as described in ttie '656 patent In either case, the space 
power levd is a constant and therefore, no space power level 
gates or registers need be provided. The provision of power 
levels for spaces is, however, contemplated by the present 
inventi(Hi as an alternative embodiment Alternatively, the 
space or g^ power levels may be set by control logic 350 
in FIG. 6 to a "Reheat** state, as shown in FIG. 7. 

Rcfeiiing to FIGS. 6 and 8, registers 320 and 322 are 
programn^ to provide the mark power and mark duration 
pattem signals as outlined above with respect to FIGS. 4 and 
5. Odier suitable mark power and duration patterns may be 
used and progranuned into the registers. Space duration 
patterns as outlined with respect to FIG. 6 are programmed 
into registos 324. Four power levels and four durations may 
be provided for eadi submark or time period T, and is 
rqresented by a pair of binary bits. The total mark pulse or 
gap length is represented in the registers 320, 322 and 324 
by a series of the pairs of binary bits, each pair of bits 
representing eadi time period X 

Circuit 376 responds to Cbe FWM signal 314 to toggle on 
and off witti each load 00^ from roister 360 of FIG. 7 as 
siQ)piied on line 37S. When "on**, circuit 376 enables mark 
duration gates 372 and mark power level gates 374; and 
when "ofT, circuit 376 enables space duration gates 373. In 
this manner, the FWM output toggles between die nuak 
ou^Mits of FIG. 5A and the g^ ou^fxits of FIG. SB. 

When in FFM mode, chcuit 376 is ^'off", and only the 
programmed mark power and duration gates 372 and 374 are 
enabled. Registers 320 and 322 are progranuned with the 
qipropriate signal levels and durations for inylcmrnting the 
FFM outputs, which may include the preheat power levels, 
above. 

The power level output signal string from the selected one 
of registers 320 is {sovided in parallel on lines 378, and the 
duration signal string from the selected one of registers 322 
or 324 is provided in parallel on lines 379. 

FIG. 9 iUnstrates the powes^duration logic 330 of FIG. 6. 
Power shift regista 380 parallel loads die power level ou^ 
signal of lines 378, and duration shift register 381 parallel 
loads the duration output signal of lines 379. The registers 
380 and 381 arc shifted by 2 each channel dock cyde u&tQ 
their data is dqileted. The 2 bit at a time outputs are provided 
oa lines 382 and 383, respectively. As the last bit is being 
shifted out, line 390 is pulsed to aUow a new value to be 
loaded into each register. The signal on line 390 is derived 
from ou^t 364 in FIG. 7. 

Refecring to FIG. 6, the duration ou^ut on lines 383 are 
provided to pulse generator 336, yMch provides a slight 
delay, allowing the power levd output on lines 382, which 
are directly provided to the laser driver, to arrive slightly 
ahead of the output from pulse generator 336. This delay 
allows the laser driver 254 (FIG. 1) to set the power level 
before the power pulse arrives. Pulse generator 336 or die 
laser driver may be calibrated to provide optimal laser pulse 
amplitudes and durations for each of the provided power 
levd and duration outputs from logic 330. The calibration 
thereof forms no part of die present invention. 
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Referring additionally to FIG. 7, control logic 350 con- 
tains sequential logic that recdves commands 352 instnict- 
ing die write system die naodes in which to operate. Possible 
commands indude nonnal write, sector mse, flag fidd 
5 write, and programmable pattern generation mode. 

FIG. 10 comprises pattem generat(H^ 340 of FIG. 6. The 
pattern generator serially loads a pattem of (H'ogFammable 
length from registers 394 and 3S^ to the pattem detector 
310. The pattern may be rq)eated under |Hogram control 
resulting in a system diat can fill sectors with consistent test 
data f<a system test or cahlsration. Operation is begun by 
programming all or part of the pattem registas 394 and 35^ 
with die pattem to be written. Then a pattern length register 
396 must be progranuned widi die number of bits to shift 
from die pattem generatca^ and a repeat count is programmed 
in register 35^ to specify how many times the pattem will be 
shifted before the operation conq>letes. Lastly, a command is 
sent to the write system instructing it to begin the operation, 
at line 398. 

Two modes of operation may be specified at line 399. One 
^ mode without a signal on line 399 will run the pattem until 
the repeat count is exhausted, and die odier designated fr^m 
line 399 will rq>eat the pattern until another command is 
sent to shut it down. 
While the preferred embodimeats of die present invention 
^ have been illustrated in detail, it should be qiparoit that 
modifications and ad^tations to those embodiments may 
occur to one skilled in the art widiout departing frx)m die 
scope of die present invention as set forth in the following 
claims. 
^ We claim: 

1. A pulse position modulation (FFM) and pulse width 
modulation (FWM) pulse generation circuit responsive to a 
f^iM/PWM mode command and input data for generating 
pulse signals comprising: 

^ a pattern detector responsive to said PPM/PWM mode 
command for ^finding said iiq>ut data and providing 
detected data signab; 
a plurality of programmaUe pattem registers for storing 

^ programmed pulse power and duration pattem write 
codes; 

a pulse selector responsive to said detected data signals 
for selecting said programmed pulse power and dura- 
tion pattern write codes frtxm said prognunmable pat- 

4j tern registers, said pulse selector responsive to said 
FFM mode to select a single mark pulse^wer and a 
single mark duration pattem write code from said 
programmabie pattem registers for said detected data 
signals, and responsive to said FWM mode to sded a 

^ sequence of at least one said pulse power and duration 
pattem write codes from sdd programmable pattem 
registers for alternate ones of said detected data signals, 
whmby said alternate FWM sequences comprise mark 
signals; and 

55 a pulse generator resp(Misive to said power pattem write 
codes to s^ pulse power levels and to said duration 
pattem write codes to set die duration of said generated 
pulse signals. 

2. The PFM/PWM pdse generation dnndt of daim 1, 
^ wherein: 

said programmable pattem registers additionally store 

space duration pattem write codes; 
said pulse selected additionally responds to said FWM 

mode by sdecting at least one apace duration pattem 
65 write code from said programmable pattem registers 

for alternate ones of said detected data signals, ^liereby 

said space signals alternate with said mark signals. 
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3. The PPM/PWM pulse generation circuit of daim 2, 
wherein: 

said pattern detector responds to said PWM nuxle by 
l^ovidlng a toggle signal with each said detected data 
signal; and 

said pulse selector responds to said FWM mode and said 
toggle signal to alternate between providing said mark 
pulse power and duration pattern write codes and 
providing said space duration pattern write codes from 
said programmable pattem registers to thereby provide 
said alternating mark and space signals. 

4. The FPM/FWM pulse genoation circuit of daim 2, 
wherein: 

said pulse generator provides in said PWM mode at least 
two said mark power levels. 

5. The PFM/PWM pulse generation dicuit of daim 4, 
wherein: 

said pulse generator provides in said FWM mode at least 
two said mark durations. 

6. The PPM/PWM pulse generation circuit of daim 2« 
^^lerein said patton detector conqpsises: 

a paralld loadable shift register shifting in serial^ pro- 
vided input data and paialld loading special patterns. 

7. The PPM/PWM pulse goiciation circuit of daim 3, 
wherein: 

said pattern detector comprises a shift register arranged to 
serially load said input data from one end thereof until 
a bit is sensed at the other end hereof, and upon 
sensing said "1** bit, to provide said toggle signal and 
said detected data signaL 

The ravI/PWM pulse generation circuit of daim 1, for 
generating mark power and duration signals and space 
duration signals, wherein: 
said pattem detector provides detected data signals; 
said pulse sdectcv is responsive to said detected data 

signals for sdecting programmed mark pulse power 

and duration pattern write codes and space duration 

pattern write codes; and 
said pulse generator is responsive to said mark pulse 

power pattern write codes to set marie pulse power 



levels and to said mark duration pattern write codes to 
set the duration oi said generated mark pulse signals, 
and responsive to said space duration pattem write 
codes to set space duration. 
5 9. An qrtical disk drive for recording pulse position 
modulation and pulse width modulation data on an optical 
disk in response to a PPM/PWM mode command and input 
data, comprising: 

a laser for generating a lig^t beam directed to tracks on 

said optical disk to heat a data layer thereof; 
a mocor for rotating said disk relative to said light beam; 
a pattern detector responsive to said FFM/PWM mode 
command for dfitfyting said input data and providing 
detected data signals; 
a plurality of programmable pattern registers for storing 
programmed pulse powo: and duration pattem write 
codes; 

20 a pulse selector responsive to said detected data signals 
for selecting said programmed pulse power and dura- 
tion pattem write codes from said in-ogrammable pat- 
tem registers, said pulse selector responsive to said 
FPM mode to sdect a single mark pulse power and a 
25 single mark duration pattern write code from said 
programmable pattem registers for said detected data 
signals, and responsive to said PWM mode to sdect a 
sequence of at least one said pulse power and duration 
pattem write codes from said programmable pattem 
Tc^stexs for alternate ones of said detected data signals, 
wherd)y said alternate FWM sequences comprise mark 
signals; 

a pulse generator responsive to said power pattern write 
codes to set pulse power levels and to said duration 
pattem write codes to set die durati(»i of said generated 
pulse signals; and 

alaser driver connected to said pulse generator and to said 
laser for pulsing said laser at said set pulse power levels 
40 for said set duration. 
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